In man, the function of the autonomic nervous system has been studied in two principal ways: 1) by determining the physiologic effects of paravertebral sympathectomy; and 2) by simulating or inhibiting the action of the autonomic nerves pharmacologically. In this study, a third approach has been used in an attempt to determine the role of the autonomic nervous system in physiologic processes. Studies were made of patients with marked autonomic hypofunction, manifested chiefly by orthostatic hypotension, diminished sweating and impotence. The patients studied had no other associated condition, such as generalized debility, Addison's disease, diabetes mellitus, syphilis, amyloidosis or somatic neurological disease, to which the autonomic dysfunction could be attributed. The disease process was very stable, changes occurring only over a period of several months or even years. In these patients it was found that the defect involved the parasympathetic as well as the sympathetic nervous systems ( 1 ). The cardiovascular, gastrointestinal, genitourinary and thermoregulatory systems were affected.
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The purpose of this report is to present the results of studies of the hemodynamic and renal effects of acute changes in blood and extracellular fluid volume in these patients.
DESCRIPTION OF PATIENTS
Studies were performed in five patients and seven normal persons. A brief clinical description of three of the patients has been given in a previous report (1) . Two additional patients have been studied. Patient L. S. (NIH 01-27-85) was a 21-year-old college student. Twenty-seven months prior to admission, he developed generalized weakness, anorexia and diarrhea. On standing, he complained of dizziness and blurring of vision. He also noted a marked watery nasal and post-nasal discharge associated with nasal stuffiness. There was occasional excessive lacrimation and salivation with pain in the region of the parotid and submaxillary salivary glands, aggravated by eating. For several months he was bedridden with postural hypotension so severe that he had difficulty sitting up in bed. Upon the arrival of summer, five months after the onset of his illness, he noted that he no longer sweated, in marked contrast to the increased sweat gland activity that he noted at the beginning of his illness. Impotence and impaired ejaculations were also noted at about the same time. In the first month of illness, he had difficulty in micturition and defecation. Early in his illness, he was found to have an elevated spinal fluid protein (99 mg. per cent) which gradually fell to normal in two months. There were no other spinal fluid abnormalities. Of possible significance is the fact that a slightly papular, erythematous, pruritic rash appeared over his trunk during the first month of his illness.
After the first year of illness, the diarrhea, anorexia and postural symptoms improved somewhat. At the time of admission to the National Institutes of Health, 27 months after the onset of symptoms, he complained of chronic diarrhea and extreme generalized weakness, in addition to blurring of vision and syncope on standing. Positive physical findings were emaciation, slight pectus excavatum, and orthostatic hypotension. General and neurological examination were otherwise normal. Urinalysis and hemogram were within normal limits. Spinal fluid examinations were normal. Urinary 17-ketosteroid and plasma hydrocortisone levels were normal. In all patients, graded passive tilting resulted in progressively lowered arterial pressure. In patient L.S. a rise in pulse rate occurred simultaneously. In patient M.H. no increase in pulse rate occurred with the fall in arterial pressure.
Involvement of the sympathetic nervous system of these patients was indicated by the diminished sweating, postural hypotension and absence of hypertensive "overshoot" following Valsalva maneuver. Abnormalities of the parasympathetic nervous system were suggested by: 1) the failure of atropine to alter the pulse rate; 2) the absence of bradycardia during the administration of norepinephrine; 3) the lack of effect on the pulse rate and arterial pressure of carotid sinus massage; 4) the inability to have erections; and 5) the failure of hypoglycemia to produce an increase in gastric acidity.'
METHODS AND MATERIALS
Brachial arterial pressures were measured by means of a sphygmomanometer. Mean arterial pressure was calculated as one-third of the pulse pressure plus diastolic pressure. In the studies in which whole blood was infused, mean pressure was recorded by means of a mercury manometer attached to an indwelling needle in the femoral artery. Glomerular filtration rate was measured by means of the clearance of inulin (2) . Urine was collected by means of an indwelling rubber urethral catheter. At the beginning and end of each collection period, the bladder was emptied with 40 ml. of air, unless the urine flow was greater than 10 ml. per minute. The duration of the urine collection periods varied from 10 to 60 minutes. Osmolal concentration of urine and plasma was determined by the method of freezing-point depression. Sodium and potassium were measured by internal standard flame photometry. The sodium-retaining steroid used was 2-methyl, 9-alpha fluorohydrocortisone (Upjohn) (3). Purified arginine vasopressin and Pitressin@ (Parke-Davis) were also studied.
All studies were performed with the patients recumbent throughout. They were begun at approximately 9:00 A.M. Both patients and normal subjects were on an ad libitum diet prior to the studies. All subjects and patients were deprived of food and water for from 13 to 16 hours prior to the studies of renal function. The ages of the control subjects ranged from 18 to 72 years; the patients, from 21 to 66. RESULTS I. Effect on arterial pressure of changes in plasma and extracellular fluid (ECF) volume In previous studies of orthostatic hypotension, the inability of the patients to adjust their arterial pressure to postural changes has been emphasized. However, it can be demonstrated that the fall in arterial pressure that occurs in these patients when they assume an upright posture is merely a specific manifestation of a general inability to keep arterial pressure constant in the presence of variations in blood volume. Figure 1 illustrates the effect of rapidly removing 500 milliliters of blood from each of two patients. The patients were recumbent in these studies and in those to be described subsequently.
As the blood was withdrawn, a marked fall in ar-1 Not all parasympathetic defects listed were present in all five patients. All sympathetic defects were present. terial pressure occurred. When the blood was reinfused, the pressure returned to normal levels.
In addition, in these patients arterial pressure increased markedly when blood volume or ECF volume was suddenly expanded. In Table I is shown the effect of the rapid infusion of whole blood, normal saline and albumin on the arterial pressure of one patient during recumbency. A marked increase in arterial pressure occurred in each case. In all patients, except one, similar results were obtained. The exception was the patient M. H., who was hypertensive in the recumbent position whenever studied. In this patient, the infusion of blood, saline or albumin did not significantly increase arterial pressure. In all patients, if the arterial pressure was elevated to hypertensive levels by means of vasopressin or adrenal steroid administration prior to expansion of plasma or ECF volume, no further increase in arterial pressure occurred. For example, in Table  II are shown the results of acute expansion of the ECF volume with saline during the course of chronic 2-methyl, 9-alpha fluorohydrocortisone administration. As a result of the methyl fluorohydrocortisone, the arterial pressure was elevated during the control periods. When saline was rapidly infused, no further significant increase in arterial pressure occurred. Similar results were obtained when the control arterial pressure was elevated with vasopressin prior to the saline infusion.
In the normal subjects, the infusion of 3,000 ml.
2The whole blood administered was removed from the patient in small amounts in the week prior to its readministration. Figure 2 (A, B) shows the results of these experiments graphically. In part A, it may be seen that in the normal persons, a moderate increase in sodium excretion occurred in association with the infusion. In contrast, in part B it may be seen that in the four patients studied a marked and rapid increase in sodium excretion occurred, beginning during the period of the infusion. Figure 3 (A, B) shows the effect of the infusion of isotonic saline on the excretion of solute-free water in the two groups. Solute-free water (CH2o) is defined as the amount of water excreted per minute in excess of that required to produce an isosmotic urine. It is calculated by subtracting osmolal clearance (Cosm) from urine flow (V).
It is positive in the case of urines that are hypotonic to plasma and negative in the case of hypertonic urines.
In addition to the enhanced sodium excretion, in the patients there was a great increase in the excretion of solute-free water as isotonic saline was infused. In all patients the urine became hypotonic. In contrast, in Figure 3 , part A, it may be seen that in normal persons the urine became hypotonic in only four persons and in none of the control persons was the increase in solute-free water as great as that observed in the patients. The transition of the urine from hypertonic to hypotonic in association with the marked increase in sodium excretion was thought to be due to insufficient antidiuretic hormone (ADH) in the presence of an acutely rising sodium excretion (4 Figure 4 . In this patient, food and water were withheld for 13 hours. Dehydration and the associated endogenous ADH release resulted in the formation of hypertonic urines. As solute excretion then increased acutely during the infusion of isotonic saline, the urine became hypotonic and solute-free water clearance became positive. On another day (lower line on Figure  4 ), the experiment was repeated, but The enhanced sodium excretion that occurred when isotonic saline was infused could not be prevented by the chronic administration of 0.5 mg.
per day of 2-methyl, 9-alpha fluorohydrocortisone by mouth, or by the acute administration of 1 microgram per minute intravenously. In Figure 5 are shown the results of the infusion of isotonic saline during the chronic8 administration of 2-methyl, 9-alpha fluorohydrocortisone. It can be seen that the sodium excretion in these studies averaged 120 niEq. per hour during the infusion, as compared to 80 mEq. per hour in the same pa- WOWMION) tients when the experiments were performed without methyl fluorohydrocortisone. The results are summarized in Table IV . In both the patients and the control subjects, errors occurred in the estimation of glomerular filtration rate as a result of the changing urine flows and associated dead space and "wash out" errors. To enable an evaluation of the data Table V lists the urine flow, length of collection period and inulin clearance for the individual studies. During the collection periods when urine flow was not changing markedly from one period to the next, it was believed that the glomerular filtration rate was accurately determined. A detailed protocol from one of the studies of a patient with orthostatic hypotension is presented in Table VI .
In the patients, the enhanced excretion of sodium might be attributed to the greater and more rapid elevation of the GFR associated with ECF expansion. In the normal persons the moderate increase in sodium excretion could also be correlated with the change of GFR. It does not necessarily follow that the increase in sodium excretion is due to the increase in GFR. It is also possible that tubular function per se is subject to nervous influences. DISCUSSION A previous study indicated that patients with hypofunction of the autonomic nervous system have an increased sensitivity to vasoactive substances of diverse types, both pressor and depressor (1) . For example, vasopressin and norepinephrine caused marked hypertension, and oxytocin and nitroglycerine marked hypotension. The wide spectrum of vasoactive substance to which these patients respond suggests that the increased sensitivity results from the absence of vasoregu-
